A physical and genetic map of Finegoldia magna (formerly Peptostreptococcus magnus) ATCC 29328 chromosome was constructed. The order of rare cleavage restriction fragments was determined by double digestion with the restriction enzymes I-CeuI, SgrAI, ApaI and PmeI, cross-hybridization and ApaI-linking clones. The size of the circular chromosome of F. magna was estimated to be 1.9 Mb. This strain also had a 200-kb megaplasmid. The chromosome contained four rrn operons, and the orientation of two rrn operons was opposite to the others. Fragment analysis of Peptostreptococcus anaerobius ATCC 27337 T chromosome suggested that its size was much smaller than that of F. magna ATCC 29328. ß 2002 Published by Elsevier Science B.V. on behalf of the Federation of European Microbiological Societies.
Introduction
Peptostreptococci are the second most common group of anaerobes. They account for 20^40% of all anaerobes isolated from clinical sources and are involved in a wide variety of clinically signi¢cant infections, such as septic arthritis or diabetic foot infections [1] . Finegoldia magna (formerly Peptostreptococcus magnus), which has reported a G+C content of 32^33% [2] , is the most common species of Gram-positive anaerobic cocci in human clinical specimens. However, there is little known about the genomics of this genus except for rRNA gene sequences. Since data from 16S rRNA sequencing studies have demonstrated that the genus Peptostreptococcus is phylogenetically incoherent, Murdoch and Ezaki recently proposed reclassi¢ca-tion of peptostreptococci [3^5] . According to the new classi¢cation, the type species, Peptostreptococcus anaerobius, remained within the Peptostreptococcus genus and the rest of the species of Peptostreptococcus were divided into ¢ve new genera, Finegoldia, Micromonas (erratum), Peptoniphilus, Anaerococcus and Gallicola.
The aim of this study was to construct a physical map of F. magna ATCC 29328 as a ¢rst step towards the genomics of peptostreptococci. Genome sizes of three other members of the former Peptostreptococcus group, the numbers of I-CeuI fragments and putative numbers of the rrn operons in these organisms were also analyzed and compared with those of ATCC 29328.
Materials and methods

Bacterial strains, plasmids and culture conditions
The bacterial strains used in this study were F. magna ATCC 29328, Peptostreptococcus micros ATCC 33270, Peptoniphilus asaccharolyticus (formerly Peptostreptococcus asaccharolyticus) ATCC 29743, and P. anaerobius ATCC 27337
T . For constructing the library of ApaI-linking clones, Escherichia coli JM109 was used as a host strain of plasmid pGEM-7Zf(+) (Promega). Peptostreptococcus (formerly) strains were grown in tubes with Gifu Anaerobic Medium (Nissui) overnight at 37 ‡C. P. micros were cultured in an anaerobic chamber (5% CO 2 , 6% H 2 , 89% N 2 ) for 3 days. E. coli was grown in LB medium at 37 ‡C supplemented as required with 100 Wg ml 31 ampicillin.
Pulsed-¢eld gel electrophoresis (PFGE) analysis
Cultures were harvested, embedded in low melting point agarose and digested with rare cleavage restriction enzymes, ApaI, I-CeuI, PmeI, SgrAI, AscI, NotI, S¢I, PacI and SwaI, following a standard protocol [6] . One agarose plug contained cells derived from 100^1000 Wl of overnight culture. Plugs were treated with achromopeptidase (1000 U ml 31 ; Wako) in 10 mM Tris^HCl, 10 mM NaCl, 1 mM EDTA at 37 ‡C overnight, followed by lysis with proteinase K (20 U ml 31 ; Wako) in 1% N-laurylsarcosine 0.5 M EDTA at 50 ‡C overnight [6] . PFGE was carried out in a CHEF DRIII (Bio-Rad) with 1% Pulsed-Field Certi¢ed Agarose (Bio-Rad) in 0.5UTBE bu¡er (45 mM Tris^bo-rate, 1 mM EDTA, pH 8.0).
DNA manipulation
DNA fragments were extracted from the unstained and excised gels using NaI solution and silica matrix (Genepure ; Nippon Gene). Extracted fragments were DIG-labeled with a random primer extension method using Bca BEST DIG labeling kit (Takara) and used as probes for cross-hybridization. Primers used in this study were: 27f (5P-AGAGTTTGATCMTGGCTCAG-3P) and 1100r (5P-GGGTTGCGCTCGTTG-3P) for rrs (16S rRNA gene)-speci¢c probes, and 1948f (5P-GTAGCGAAATTCCT-TGTCG) and 2654r (5P-CCGGTCCTCTCGTACT-3P) for rrl (23S rRNA gene)-speci¢c probes. The forward primer for rrl was downstream of the I-CeuI site [7] . Primers for pab were designed based on the sequence reported [8, 9] . Probes for these genes were synthesized using PCR DIG probe synthesis kit (Roche). Genomic DNA used as template for PCR was isolated by lysing cells with achromopeptidase for 30 min and 0.5% SDS for 5 min, extracted with phenol and dialyzed against 10 mM TrisĤ Cl (pH 8.0), 1 mM EDTA. For sequencing, PCR products were ligated to the T/A vector pGEM-T, and pUCderived universal primers (Promega) were used. Both strands of at least two separate PCR clones were sequenced.
Isolation of ApaI-linking clones
Genomic DNA, isolated from ATCC 29328 as described above, was digested with HindIII, and self-ligated with T4 DNA ligase. The ligated fragments were then digested with ApaI and ligated to the ApaI site of pGEM-7Zf(+). The linking library was maintained in E. coli JM109. Recombinant clones were isolated by blue^white selection. The sequences were searched for homology by BLASTX.
Results and discussion
Restriction fragment analysis and estimation of genome size
Since the G+C content of the genome of F. magna ATCC 29328 was reported to be 31.6% [2] , restriction enzymes with GC rich recognition sites and those which recognize and cleave 8-bp sequences were mainly tried, seeking for ones suitable for mapping. PacI and SwaI produced over 20 fragments. By contrast, AscI, NotI and S¢I did not cleave the chromosomal DNA. As a result of these trials, we have chosen ApaI, PmeI and SgrAI. These enzymes generated 14, 11, and four fragments of the chromosomal DNA, respectively. The intron-encoded endonuclease I-CeuI, which cleaves rrl genes, also generated four fragments, suggesting that the chromosome has four rrn operons (Figs. 1B and 2A). Each fragment was designated with the ¢rst letters A, P, Sg, and I, respectively. A second letter was added in alphabetical sequence according to decreasing size. Fragments generated by double digestion were designated with the ¢rst letters, SgI to SgrAI/I-CeuI and PI to PmeI/I-CeuI (Table 1) . AA, AC, AF, PD, PG and IA proved to contain two or more fragments when resolved in optimal conditions. Since the sums of fragment sizes obtained from these digestions were consistently 1.9 Mb, we estimated that the size of the F. magna ATCC 29328 chromosome was 1.9 Mb. 
Existence of a 200-kb megaplasmid in F. magna ATCC 29328
PFGE of undigested genomic DNA or the I-CeuI digest of F. magna ATCC 29328 produced a faint band of about 200 kb (Fig. 1A,B) . The rrs-speci¢c probe did not hybridize with this band. These results indicated that this fragment did not have a rrn operon, suggesting the presence of a megaplasmid in this strain. The 200-kb DNA band was extracted, labeled and used for Southern hybridization (Fig. 2) . It hybridized with a single 200-kb band of ApaI, ApaI/I-CeuI and I-CeuI digests. In contrast, it hybridized with two bands of I-CeuI/PmeI, PmeI and ApaI/ PmeI digest. Low-range PFGE analysis of PmeI fragments indicated that the 48-kb band was a doublet. These results strongly suggested that this band was derived not from the chromosomal DNA, but from an independent circular plasmid DNA, which was V200 kb in size and was cleaved only with PmeI into three fragments. We designated the megaplasmid as pPEP1.
Construction of the I-CeuI physical map of F. magna ATCC 29328
Two approaches were combined to assemble the I-CeuI physical map of F. magna ATCC 29328. These included (i) analysis of partial digestion with I-CeuI and (ii) cross-hybridization with fragments generated by SgrAI and PmeI. I-CeuI partial digestion produced bands of 1.6, 1.45, 1.3, 1.02 and 0.86 Mb (Fig. 1C) . Since the sizes of IA(1)^IC and IA(2)^IC fragments were equal to the size 0.86 Mb of partial digestion, and no fragment was observed around 0.70 Mb (the expected size of IB^IC fragment), the order of the I-CeuI fragments was considered to be IA(1)^IBÎ A(2)^IC^(IA (1)) (Fig. 3) . Subsequently, cross-hybridization was performed to verify the order. SgrAI and PmeI fragments of the genomic DNA were excised from gels, labeled and used for Southern hybridization. These probes were used to determine the overlapping fragments (Table  2) . For example, the PC probe hybridized with IA(1) and IB. Therefore, the linkage IA(1)^IB was con¢rmed. All of the cross-hybridization results agreed with the order of the I-CeuI fragments described above.
Ordering the SgrAI, PmeI and ApaI fragments on the I-CeuI map
SgrAI fragments were aligned as SgC^SgB^SgA^SgD( SgC) on the I-CeuI map based on cross-hybridization results. They were located more accurately upon the I-CeuI map by analyzing double digestions of SgrAI/ICeuI (Fig. 1B) . Eight fragments obtained with double digestion SgrAI/I-CeuI are shown in Table 1 . SgD was determined to overlap with IC. SgD was then proved to contain an rrn operon and to be cleaved into 160 kb (SgIB with rrs) and 7 kb (SgIF with rrl) with I-CeuI by means of the hybridization with rrs-and rrl-speci¢c probes. In a similar way, other fragments generated with SgrAI, PmeI and ApaI were aligned upon the I-CeuI and SgrAI map. In addition to those methods, ApaI-linking clones were established to construct the ApaI map. Sequences approximately 600 bp each before and after each ApaI site were determined. Then we designed primers approximately 250 bp each away from the ApaI site to get 500-bp PCR products from the template DNA of ATCC 29328. When hybridized with the PCR products, ¢ve linkages were con¢rmed ( Table 3) . The linkages are shown with the numbers of ApaI-linking clones in Fig. 3 . However, the order of AD^AF (2), PG(1)^PH and PE^PG(2) remained unresolved, since no clone linked them and they were involved in larger SgrAI/I-CeuI fragments.
The orientations and distribution of rrn operons
The orientations of rrn operons were determined using Southern hybridization of SgrAI/I-CeuI and PmeI/I-CeuI double digests with rrs-and rrl-speci¢c probes. The genes were located on the opposite sides of the I-CeuI site. Since I-CeuI cleaves rrl (position 1924^1928, E. coli numbering), the primers downstream of the I-CeuI site were chosen for the rrl probe. The rrs probe hybridized with PIE, which was the smaller fragment generated from PA with I-CeuI double digestion, and the rrs probe hybridized with PIB, the larger fragment generated from PA. Therefore, the orientation of the rrn operon in PA was determined to be from IA(2) to IC. Similarly, the orientations of the other three rrn operons were determined (Fig. 3) . Two Table 2 Cross-hybridization of F. magna ATCC 29328 genomic DNA with excised fragments and hybridization with rrs-and rrl-speci¢c probes to of them were opposite to the others and the rrn operons of this strain were scattered around the chromosome. These results were not the same as Clostridium species that have 10^12 rrn operons clustered close to the origin of replication [11] . Protein L, albumin binding protein (pab) and ur-pab are the only three genes of F. magna previously reported. Based on the previous reports, we have done PCR trials using three sets of primers, cloning and sequencing, but failed to detect those genes, although F. magna ATCC 29328 was reported to have an albumin binding activity. The pab in this strain might be divergent or absent.
Comparison with the genome size and PFGE analysis of I-CeuI fragments of other formerly grouped peptostreptococci
The genome sizes and I-CeuI fragments of three other members of the former peptostreptococci group were analyzed and compared with those of the F. magna ATCC 29328 genome to check whether the di¡erences reported in [3^5] were re£ected in the genome sizes and the numbers of rrn operons. P. micros ATCC 33270, P. anaerobius ATCC 27337 T and P. assacharolyticus ATCC 29743 produced four, ¢ve and three I-CeuI fragments, respectively. P. assacharolyticus ATCC 29743 also has a faint 160-kb band suggesting the existence of a plasmid (data not shown). From the summation of the I-CeuI fragments, the chromosome sizes of these strains were estimated to be 1.7, 1.3 and 2.0 Mb, respectively. Thus, the chromosome of P. anaerobius ATCC 27337 T was much smaller than those of F. magna ATCC 29328, P. assacharolyticus ATCC 29743 and P. micros ATCC 33270. These data support reclassi¢cation of formerly grouped peptostreptococci other than P. anaerobius.
Conclusions
In conclusion, a physical map of the F. magna ATCC 29328 genome was constructed. The circular chromosome was estimated to be 1.9 Mb in length and to contain four rrn operons. This strain also has a 200-kb megaplasmid. By sequencing the ApaI-linking clones, several putative genes were located on the physical map. Among the former peptostreptococci group, the size of the P. anaerobius
ATCC 27337
T genome was much smaller than those of other species. These data support the reclassi¢cation of peptostreptococci based on recent 16S rRNA sequence analyses. The physical map of the F. magna ATCC 29328 will lead to more insights into the genomic structure of the peptostreptococci, which has been scarcely studied and poorly understood. Uncharacterized protein of C. acetobutylicum 5e366 AAK79591 pAL12
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